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THE BICLOGICAL PREREQUISITES OF PATHOGENICITY OF DERMATOM{CETES

Dermatologische WochenscHrift H. Ziegler and Hannelor
zDemtaological deckly) Bohme
151 (28), Berlin, 1965, pp 725-728

In 1933, A. v, Mallinckrodt-Huupt publishod her basie work under the
title Der Stoffwechsel der pathorenen Hautpilze und sein Zusammenhanr mit
der Pathogenese der Mykosen ! The Metabolism of the Pathogenic Skin Fungi
and Its Connection with the Pathogenosis of Mycoses’., With admirable ine
sight, the author critically reviewed and evaluated tho large mumber of
publications available on this topic at that time and she then supplemented
these observations on the tasis of her owm very careful experimental studies
a)though the methodology may appear somewhat outdated today. In the mean
time, 30 years have passed amc during that time a wealth of nevw knowledge
has been obtained throughout the world on the biology of the dermatomycetes
as wWell as on the pathogenesis of dermatomycoses. Last but not least we
must mention here the great advances in the natural sciences which in der-
matomycology likewise contributed to the enhancement of our knowledge both
with respect to the biology of ths fungi and with respect to the morphology
and physiology of the terrain in which the dermatomycetes settle as para~
sites; finally we must also mention the therapy of mycoses which was greatly
advanced as a result of this. We therefore think that it would be quite
proper for us to say a few words here about the biological foundations of
the pathogeniaity of dermatomycetes, in the light of wha' we know todey,
These comments on the host-parasite relationship (HPR) sprirg primarily
from the viewpoint of the plant physiclogist. We therefore want to confine
ourselves to the description of the measurable physiological propertiss of
the dermatomycetes and a comparison with apathogenic, partly soil.inhabd ting
and keratinophile molds, We therefore want to emphasize here the attacikdng
fungus as the agents responsiole for mycoses and we want to leave the ex~
planation of the HI'R, as regards the host organism, the attacked human ine
dividual or animal, to those who ars authoritiss in that particular field,
in other words, we want to leave this to the dermatologists, We are of
cour3s quite aware that, in the final «nalysis, all mycological efforts,
regardless of what angle they are undertaken, can lead to success only if
they are aimed at one single objective and that of course is the combination
of all of the individual discoveries that have been made so that we way
Covelep a therapy of dermatomycotes which will be well fourded on the basis
of a causal analysis and which will thus be juite specific, In order to
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describe the physiclogical foundations of the pathogenicity of dermatomy-
oetes in greater detail, we might first of all look at the special physio-
logical propertios of these fungi and we might then report some comparative
investigations with molds, Hovwever, we do not have enouch time here tc make
&ny statements as to methodology although it 4s prscisely this methodology
Which 18 very often dexdsive and quite important in judging the resultsi
Since our statements hers can give the reader only a rough survey, we want
to confine ourselvos to a listing of the facts which are largoly based on
our own investigation results, Undoubtedly, keratinophilia deserves being
mentioned first among all of the specific propertiss of the dermatomycetes,
although the capability for keratin reduction (in other words, the posses-
8ion ot keratinase and peptidases) is by no means the domain of the skin
fungi; after all, there are some other fungi which can utilire keratin as
& primary C-N source although exclusively in the form of saprophytes, As
regards the btiochemis of keratin decompoaition, we will report on this
later on (Ziegler, 192‘3 « As far as the nutrition-physiological walue of
other Nesources 1a conoerned, we know that the dermatomycetes can utilice a
largs number of simple organic N-compounds (amino acids TAST, wrea, caseine
hydrolysates) but also peptones, gelatins, denatured serum, and other Pro=
tedns (survey in Mickerson, et al, 1947; Ziegler and Bohme, 1964). We havs
some rather contradictory information on the sultability of inorganic N-
sources (NH,* salts, nitrates). Apart from the fact that the particular KR.

source and base-nutrient solutions (NL) a:c =f significance; we can say that
the results of our investigations now make it possivle to make a certain
decision. Accordingly, nonepleomorphous dermatonycetes require AS or other
organie N-sources (urea, peptone, gelatin, keratins) for their initial
growth, but they can aiso include NH, ions in thelr N-metabolism (Ziegler,
1964), An NH, titer which rises at "first (because of the release of NHu)

or which is high rron the beginning of the experime:t on and which drops
aftervard can be considered as an indicator for progressive growth processess,
There is no striot order of rank within the earbohydrates (KH) which are
sutable for the nutrition of the dermatomycetes, In addition to a few

mono- and oligosaccharides (mannite, glucose, saccharose, cellobliose, fruca
tose, maltose, raffinose, lactose), these fungi can convert polycondensed |
Ki (starch, glycogen, malt extract, pectins, and probably also cellulose, i
among others) partly even bstter than the oligosaccharides (Stecldels, 1953;
Bereston, Robinson, and ¥Williams, 1958; Koehne, 1962; Ziegler, 1961; 19643
Goddard, 1934; Hejtmanek, 1959, 1960, 1961, 1961a). But the pathogenic

skin fungi certainly do not play a role as nutrition rivals or competi tors

for the fast-growing fungi which decompose cellulose, pectin, or starch.

Their more or less promounced amylo-, pectino-, or cellulo-1ytic capacities
should be considered as original characteristics, Furthermore we kncw that
dermatomycetes can use various lipids as a primary C-source (vibliography

in Ziegler, 1964), At this point we would like to emphasise part.iculu]g

the capability for the decomposition of wool fat (Adeps lanae anhydricus

which we proved beyord doubt. From thie we can conciudo that dermatomy=

cotes attack or at least can break through the protective fat deposits of .
the skin and its apperdixes, The reguirement for vitamins varies; most of

the skin fungi are vitamin-sutotrophic (Ares Leac and Cury, 1951). The

supply with sineral mtriente (2ieglor, 1964)(Ks, X, ¥, Ca, Cu, Fe, Zn,:

My, awong others, as well as P, S, C1) can be kept rather short, The pMosphate
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requiroment of the ski+ fungl, which is strilkdngly low in comparison to
other microorganisms, should be interpreted as an adaptation to the rela-
tively unfavorable rincral supply conditions in keratinized terrains, An-
othor charactoristic which has a rathor selective significance here is the
valkalizing tendency" of the dermatomycetes, Whon the composition and the
buffer capacity of NL or of the torrain attacked so permit, these fungi,
1ike numcrous human-pathogenic bacteria, raise the pH values into the range
of pH 6-8. Elsowhore (Ziepler, 1963, 1964, 196La) we revorted on the enzy-
mos of the skin fungi, in other words, their ecto-enzymes, which a=e separ-
ated for nutrient substrate decomposition or conversion .espectively for
the mobilization of nutrients; and we emphasized the tremerndous significance
of these enzymos for both tho saprophytic and the parasitic phases, 1In
dormatomycetos, particularly in microsporum canis amd trichophyton metagroe
phytes, the following ecto-onzymos have been established: emylases, pectine
ass, cellulase, lipases, alkalire phosphatase, peptidase (proteinases) and
karatinase, As we know, specific nmuirient substrates generally lead to an
increase in the synthosis and in the separation of the adequate entymes,
In our enzyme studies, we Were &lso able to observe a series of coupled
physiological mechanisms, In cultivating the fungil on keratins, wool fat,
or polysaccharides, it was not only the enzymes directly required for this
that wore separated more abundantly than under simple nutrition conditdons
(STD-NL) but it was also at the same time a series of enzymes that wae
formed here to an increased extent for other reactions ('"nonspecifisc in-
duction"), For instance, the lipase and phosphatase titers in keratin-ML
were increased although no substrates required for these enzymes were pres-
ent; on the other hani, the peptidase titer in protein-free NL with complex,
respectively, polycondonsed C-sources (polysaccharides, wool fat, etc) was
“Ancreased, Over-all we can say that-the small groups of dermatorycetes has
a series of characteristic properties: (1) they require very little in
terms of nutrition.physiology; (2) they revoal a pronounced keratinophilis;
(3) they grow rolatively slowly; (4) they are capabls of surviving on organe
1c materials in the ground; (5) thoy reveal a tendency toward amd toler-
ence of alkalization; (6) they have polyenzymatic capabilities; (7) they
reveal coupled onzymatic mechanisms (nonspecific induction). To what ax-~
tent are we dealinz here with specific properties of dermatomycetes?! We
molds, Such investigations have unfortunately been extremely rare in the
past (for instance, Volkonovsky: Ernahrungsphysiolorischo Studien MNutrie
tion Physiology Studies?, 1934; White, Darby, Stechart, amd Sanderson:
Zelluloseabbau MCollulose Decomposition?, 1948; Rzucidlo, Stachow, Nowakowe :
ska and Kublica: Zellvandchemie und Immunologie Cell Wall Chemdst~y and 4
Immunology?, 1958, 1963; De Vries: reratinabbau MKeratin Decomposition?, '
1962; Jung and Gerhart:' Redoxfermento | Redox Fexrments?, 1963; Chesters
and Bull: lardnarinabbau I Laminarin Decomposition?, 1963). We (Ziegler,
1964 unpublished) compared the nutrition-physiology behavior of ricrosporum
canis and trichophyton mentagrophytes with the behavior of some molds
(Absidia glauca, Aspergillus miger, Stemphylium tetraedricoglobosum,
Fusarium oxysporum, Cladosporium spec, Peniyillium janthinellum, ard «.cde
cillium lilacinum), These experimants are still in progress cnd t' .~ -~
being expanded, Such melde ere generslly extremesly vital and thsy .o
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vary fast: they are encountersd relatively frequently in soil samples
(CQadosporium, Stemphylium, Penicillium janthinellum, Penicillium lilaci-
nun); some of thom form antibiotics (Pemdicillium janthinellum, Janthinellin);
most of them are very active decomposars nf ¢olluloss, hemicelluloses, ard

pectin., Our series of experiments produced the following results: in the
cultivation of the fungi in STD-NL (Ziegler, 1964), the growth rate, the
maximum mycelium weights, the relative and the absolute minersl requirement,
especislly the phosphate requirement, as well as tks carbonydrate (KH) re-
qQUrenent were grueter 1cr tne mulds {(vasticularly for Penicilitum i nthine
ellum and Penlcillium 1ilacinum) than for the dermatomycetes. In the cula
tivation of fungi in hair keratin NI, the growth rate, the percentage-wise
keratin decomposition, and the relative peptidase activity were greater in
the dermatorycetes than in the fungi (for details, see Ziegler, 1964). The
easlly attacked horn keratin was rapidly decomposed by keratinophile molds
(Penicillium janthinellum, Penicillium lilacinum), although this happened
Just ae fast as in the case of microsporum canis and trichophyton menta-
grophytes, Molds furthermore differ from skin fungi by virtue of the fact
that, in the case of the former, poorly suitable or unsuitable N.sources,
such as nitrates or armmonium salts, can be used . nd that the former, because
of their many-sided entymatic capabilities, are rmore adaptable in terms of
nutrition physiology than the dermatomycetes Ms. ¢, The latter have pro-
bably lost a number of *“heir original propertiec in the course of the de-
velopment of their ocapability for keratin decomposition, Our past compara-
tive investigations tell us that we have primarily quantitative differences
between th~ charsctericztics of the dermatomycetss and those of the keratine
ophile molds, Just exactly whether an accumulation of these differences dur-
ing the course of the development of the fungi leads to a change in the
quality so that pathogenic dermatomycetes developsd from keratinophile molds
«= that is something that can be aexpressed only in the form of an assunpe
tion here. But if thie assumption were to apply in fact, then such molds
oould be considered as potential parasites from which new pathogenic forms
could develop, To what extent can the knowledge obtained in vitro with re-
spect to the general and special physiology of the dermatemycetes be
applied to the in vivo conditions? Mineral nutrients, including trace ele-
nents, are present in the epidermis and in the perzpiration only in small
quantitias (M tchell and Harilton, 1949; Dutcher and Rothman, 1951; Anke
ard Schnslder, 1962). Butl they are sufficlent for the requirements of the 2
dermatomycetes (English and Barnard, 1955) which, moreover, can mobilige
organically bound phosphate (Szakall and Weber, 1959; Blakey, Earland and

\ Stell, 1963) by means of their ecto-phosphatases. Orzanic compounds in the

form of proteins, lipids, and secondarily, also polysazcharides constitute

the main portion of the potential matrients in the epidermis, For the

hydrolysis of thess compounds, the skin fungi have specific enzymes, The

PH values of the skin are constant but they are mostly in ranges which can

bte tolsrated by the dermatomycetes (the underarm banding side pH 4.0-6,0),

Moreover, these fungl are in a position to raise the snvircnrmental pH values f

to the levels required for their ecto-enzymes because ¢f their alkalising s

tendency. This is particu'arly importiant for enzymrtie keratin decomposi- Fo

tion, which takes place rataer briskly only unde: conditions ranging from ’

nsutral to slightly allaiina, In s«ddition to the previously mentior. s

L nutrition-physiclogical que'ities of the epidermis, we have & muzb.r ¢
other properties of the hor . orzanism that are very imporiant for ice
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spread and the course of fungus infections (Mallinclarodt~Haupt, loc cit,
Blank, Sagani, Boyd, and Roth, 1959; Barlow, Chattaway, Prunt and Townsley,
1961), For instance, the ponetration of the fungi is either promoted or
delayed by the speed of the normal keratinizatinn processos and the suvzes
quent scalo romoval Tloss?., On the busis of some individual observations
we know that dysproteinemia promotes chronic trichophytia (Desai, Modi,

and Bhat, 1962) and that presumably qualitative differences in the composi-
tion of the keratin can cause a partial onychomycosis (Langhof, Ettig, and
Lemke, 1963), On ths other hand, Burke (1962) was able to establish only
very smali quantitative and no qualitative differences in the &5 cpoctum
of the skin of healthy porsons and fungus patients, So far, We have hardly
any accurate and generally applicable details on the defensive reactions of
the host organism. In the skin fat and particularly in the hair fat of
adults (for instance, Rothman, Smilganio, ard Shapiro, 1945; Vilanova and
Casanovas, 1649) and in the serum (for instance, Memmesheimer, McNall, and
Sternberg, 1962; Blelunska, 1963) we do find fungistatic ocomponents but so
far no one has been able to sstablish a basically higher serum funglstasis
titor in patients than in healthy people, ~Iilkewise it was impossible to
dotermine any reliable differences between the quanfity and the components
of the skin fat in healthy people and in fungus patients, With respect to
the etiology of mycoses, however, it was possible tc identify a certain pre-
disposition for these infections in constitutionally detormined relatively
high (pH > 5.5) pH vaiues, combined with a reduced buffer capacity in the
epidermis/§Jolly, Railey, ami Netick, 1961; Zucker, 1964), There are no
fundamental ‘differences between the nutrition-physiological requirements of
the dermatomycetes in vitro and those in vivo., We hope that we have pre-
sented & survay of ths current status of special metabolism physiology of
dermatomycetes in this article, We hope that the comprohcnsive knowledge
of the characteristic properties of this fascinating fungus group will

lead not only to a better understanding of the biological foundations of

their pathogenicity but also to new points of departure for the fight against

thesa fungi.
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